Orange-fleshed sweet potato (OR-SP) cultivars rich in b-carotene are considered to exhibit higher antioxidant capacity than yellow-fleshed sweet potato (YE-SP) cultivars, consumed commonly in Japan. However, little information exists on the contribution of b-carotene to the antioxidant property. In this study, ,,,῍-azino-bis-(--ethylbenzothiazoline-0-sulfonic acid) cation radical (ABTS ῍ῌ ) scavenging capacity in eight OR-SP cultivars and three YE-SP cultivars were measured and compared. The radical scavenging capacity of OR-SP ranged from .3-to 303 mmol Trolox equivalent (TE)/kg fresh weight (FW), and that of YE-SP ranged from ,/. to 1,2 mmol TE/kg FW. The b-carotene content in OR-SP ranged from +-3 to --* mmol/kg FW and it exhibited +.00 times higher radical scavenging capacity than a Trolox standard. The contribution of b-carotene to the total radical scavenging capacity was estimated to be in a range of -0.-to 13.0ῌ in OR-SP. Moreover, by staining the TLC plate with an ABTS ῍ῌ solution after separating the constituents, it was suggested that a species of radical scavengers were common to all cultivars.
Introduction
The sweet potato (Ipomoea batatas L. Lam) cultivars predominantly cultivated in Japan have yellow flesh. They are primarily for table use and for manufacture of food industrial materials such as starch and alcohol. During the last decade, new cultivars of sweet potato with orange, purple, and white flesh have been released by the National Agricultural Research Center for Kyushu Okinawa Region (Yamakawa, +332) . Compared to sweet potato cultivars with other flesh colors, orange-fleshed sweet potato (OR-SP) cultivars are rich in carotenoids and contain b-carotene as the most predominant carotenoid (Woolfe, +33, ; Takahata et al., Okuno et al., +332) . b-Carotene is well known to have an antioxidant property in addition to its biological function as provitamin A. In the past decades, b-carotene has attracted attention because a high intake of fruits and vegetables has been associated with a lower risk of certain cancers and cardiovascular disease (Van Poppel, +330) , which has been attributed to the antioxidant properties of carotenoids (Byers and Perry, +33, ; Krinsky, . These reports have led to the speculation that OR-SP cultivars, which are rich in b-carotene, would exhibit higher radical scavenging capacity than yellow-fleshed sweet potato (YE-SP) cultivars, consumed commonly in Japan, and thus be a crop with physiological functionality. However, little information exists on the contribution of bcarotene to the antioxidant property of the OR-SP cultivars and the contribution of b-carotene to it.
In the present paper, the radical scavenging capacities of the extracts from eight OR-SP cultivars were measured and compared with three YE-SP cultivars. The radical scavenging capacity was assayed by a decolorization technique using the blue/green ,,,῍-azino-bis-(--ethylbenzothiazoline-0-sulfonic acid) cation radical (ABTS ῍ῌ ) chromophore. The contents of b-carotene and a-tocopherol were also measured to elucidate the contribution of these compounds to the radical scavenging capacity of OR-SP. Furthermore, we attempted to survey other compounds with the radical scavenging capacity, containing neither b-carotene nor a-tocopherol, by staining the TLC plate with an ABTS ῍ῌ solution after separating the constituents from OR-SP and YE-SP.
Materials and Methods
Reagents ,,, ῍ -Azino-bis-(--ethylbenzothiazoline-0 -sulfonic acid) diammonium salt (ABTS), potassium peroxodisulfate, b-carotene, and a-tocopherol were purchased from Wako Pure Chemicals Industries, Ltd. (Osaka, Japan). Trolox (0-hydroxy-,,/,1,2-tetramethylchroman-,-carboxylic acid) was obtained from Aldrich Chemical Co.
(Milwaukee, WI, U.S.A.). All other reagents were of analytical grades and used without further purification.
Sweet potato samples The sweet potatoes used in this study were harvested at National Agricultural Research Center for Kyushu Okinawa Region (Miyakonojo Branch, Miyazaki, Japan) in ,**-. While eight of the cultivars had orange flesh, three had yellow flesh.
Preparation of sweet potato extract A tuber of each sweet potato cultivar was washed with tap water and cooled at .῎ for + h. After peeling, the flesh was diced to ca. *./ cm. To the diced sweet potato (/.* g of flesh weight) ,* ml of acetone/n-hexane (+ : + v/v) was added. The mixture was homogenized using Polytron (Kinematica AG, Littau-Lucerne, Switzerland), and the supernatant was then obtained by centrifugation (+,** g, +* min, .῎). The residue was further extracted with +* mL of n-hexane, and the supernatant was combined with the acetone/n-hexane extract already obtained. The combined extract was filled up to -* ml with n-hexane and then used as a sweet potato extract.
Measurement of radical scavenging capacity The radical scavenging capacity was measured by a modified method originally described by Re et al. (+333) for application to a 30-well microplate. An ABTS ῏ῌ stock solution was prepared by adding +.* mM potassium persulfate (22 mL) to a 1 mM ABTS aqueous solution (/ mL), and the mixture was then allowed to stand for +0 h at room temperature. An ABTS ῏ῌ working solution was prepared by +0-fold dilution of the ABTS ῏ῌ stock solution with ethanol just before the radical scavenging capacity was measured. Ethanol (/* mL) was added to a mixture of x mL of a sample solution and (/*-x) mL of acetone/ethanol (+ : + v/v) into a well of a 30-well microplate. In this study, the sample solution was prepared as follows : an aliquot of the sweet potato extract described above was evaporated to dryness under reduced pressure at -/῎, and the dried extract was redissolved into acetone/ethanol (+ : + v/v). The reaction was initiated by the addition of +** mL of the ABTS ῏ῌ working solution. After the reaction mixture had been allowed to stand for +* min at ambient temperature, the absorbance at 0-* nm was measured (Multiskan JX, Thermo Labsystems Oy, Vantaa, Finland). The radical scavenging activity was estimated by the decrease of absorbance at 0-* nm and expressed as the Trolox equivalent (TE) per kg of fresh weight (FW).
Determination of b-carotene content The content of b-carotene was determined by HPLC using conditions same as those reported by Goda et al. (+330) . Namely, the sweet potato extract (,* mL) was applied to a Wakosil II-AR column (..0 mm῍,/* mm, Wako Pure Chemicals Industries, Ltd., Osaka, Japan) at .*῎. The detecting absorbance was set at .0* nm. The elution system consisted of water (A) and acetone (B), and the elution was performed by a series of linear gradients of B into A at a flow rate of *.2 ml/min as follows : elution starting with 1*ῌ B, *ῌ/ min isocratic ; 1*ῌ3*ῌ B, /ῌ+* min ; +*ῌ+-min isocratic ; 3*ῌ+**ῌ B, +-ῌ-* min ; +**ῌ B, -*ῌ-2 min isocratic.
Determination of a-tocopherol content The determination of a-tocopherol was performed using the method reported by Okuno et al. (+332) . Namely, the sweet potato extract (,* mL) was put directly on the Wakosil-II AR column at .*῎. Methanol at a flow rate of +.* mL/min was used as the mobile phase. a-Tocopherol was detected using an FP-,*,/ fluorometric detector (JASCO Co., Ltd., Tokyo, Japan) at excitation and emission wavelengths of ,3/ nm and -,/ nm, respectively. Detection of radical scavengers in sweet potato extract on TLC plate For the visual detection of radical scavenging constituents, the concentrated extracts of sweet potato were applied to a TLC plate of silica gel 0* (+* cm῍ ,* cm plates, thickness *.1 mm ; Merck Co. Inc., Darmstadt, Germany). A mixture of acetone/petroleum ether (+/ : 2/ v/v) was used as a developing solvent. After the development, the TLC plate was dried in a draft chamber and then immersed in an ABTS ῏ῌ solution for / min. The ABTS ῏ῌ solution was prepared by 2./-fold dilution of the ABTS ῏ῌ stock solution with ethanol. After immersion, the TLC plate was allowed to stand for +* min in a draft chamber in order to dry the plate surface. The image of TLC plate was scanned by an ES-,,** scanner (Seiko Epson Corporation, Nagano, Japan) operated with Photoshop software (version 0.*.+, Adobe Systems Inc., San Jose, CA, U.S.A.). The existence of constitutes with the radical scavenging capacity could be confirmed by the white spots which appeared against a blue/green background on the TLC plate.
Results and Discussion
Radical scavenging capacity of OR-SP and YE-SP bCarotene, a-tocopherol and Trolox standard were assayed for their radical scavenging capacities prior to the measurement of the radical scavenging capacities of the extracts of sweet potatoes. b-Carotene and a-tocopherol were selected since they were assumed to be representative antioxidants in OR-SP and YE-SP. Fig. +a, +b , and + c show the changes in the absorbance of ABTS ῏ῌ at 0-* nm plotted as a function of the concentration of bcarotene, a-tocopherol, and Trolox, respectively. The dose-response curves were obtained in these antioxidant compounds, and the antioxidant capacity of b-carotene and a-tocopherol were calculated to be +.00 and +.*/ times higher than Trolox on a mole basis, respectively. These values were very similar to those reported by Re et al. (+333) . Fig. +d gives an example of the extract prepared from one of OR-SP cultivars, Hamakomachi. A decrease in absorbance accompanying the addition of the extract was observed, as in the cases of b-carotene and a-tocopherol. The dose-response curves were also obtained in the extracts from the YE-SP cultivars (data not shown). These results demonstrated that the modified assay using a 30-well microplate was applicable to measure the radical scavenging capacity as well as the original assay.
Table + summarizes the radical scavenging capacities of eight OR-SP cultivars and three YE-SP cultivars using Trolox standard. In the OR-SP cultivars, the radical scavenging capacity ranged from .3-(Benihayato) to 303 mmol TE/kg FW (Hamakomachi). The YE-SP cultivars exhibited the radical scavenging capacity in a range of ,/. to 1,2 mmol TE/kg FW. This result revealed that the radical scavenging capacity of OR-SP was not necessarily higher than that of YE-SP containing less b-carotene.
Contribution of b-carotene and a-tocopherol to radical scavenging capacity in OR-SP and YE-SP In the OR-SP cultivars, although b-carotene is considered to be a major contributor to radical scavenging capacity, the extent of its contribution is largely unknown. Tocopherols were also suggested to be candidate radical scavengers in sweet potatoes (Furuta et al., +332) . Moreover, Okuno et al. (+332) have already reported that a-tocopherol was the most predominant radical scavenging component in sweet potatoes. Thus, the contents of b-carotene and a-tocopherol were measured in order to elucidate the contributions of these compounds to the radical scavenging capacity. As summarized in Table + , the b-carotene contents of OR-SP cultivars ranged from +2* (Benihayato) to --* mmol/kg FW (Hamakomachi), while the YE-SP cultivars contained a smaller amount of b-carotene (/ to +-mmol/kg FW). Among the OR-SP cultivars, a poor correlation between the radical scavenging capacity and the b-carotene content was observed (r῍*./2.), indicating that the radical scavenging capacity of OR-SP could not be presumed according to the amount of b-carotene. The contents of a-Tocopherol, present in all OR-SP and YE-SP cultivars, ranged from *.0, to ,.23 mmol/kg FW ( Table +) . In the OR-SP cultivars, the content of b-carotene was at least ten times higher than that of a-tocopherol, which was in agreement with the results reported by Okuno et al. (+332) . In contrast, in the YE-SP cultivars, the b-carotene content was smaller than the content of a-tocopherol.
To estimate the contribution of b-carotene and a- tocopherol, the theoretical radical scavenging capacities (the content῎the radical scavenging capacity) were calculated for each compound. As described above, the values of +.00 and +.*/ mol TE/mol were used for the radical scavenging capacity of b-carotene and a-tocopherol, respectively. Fig. , shows that the percent contribution of b-carotene and a-tocopherol to the total radical scavenging capacity. Among the OR-SP cultivars, the contribution of b-carotene to the radical scavenging capacity ranged from -0.-(Kyukei ,.+) to 13.0ῌ (Kyushu +..). Judging from the calculated values, the most predominant contributor to radical scavenging capacity in Kyushu +.., Kyukei ,.-, Hamakomachi, J-red, and Benihayato would be b-carotene because its contribution exceeded /*ῌ in each of these cultivars. In contrast, the percent contribution of a-tocopherol to radical scavenging capacity in OR-SP cultivars was much lower than that of b-carotene at less than -.,ῌ. In the YE-SP cultivars, the contribution of both b-carotene and a-tocopherol were low and very similar, and total contribution of both compounds was below ,*./ῌ (Kyukei ,/,).
Detection of radical scavengers in OR-SP and YE-SP by staining TLC plate with ABTS ῐῌ Until now, b-carotene has been assumed to be the most predominant contributor to radical scavenging capacity in OR-SP. Indeed, the radical scavenging capacity due to b-carotene exceeded /*ῌ against the total radical scavenging capacity in some OR-SP cultivars. However, the low contribution of bcarotene in Kyukei ,.+ (-0./ῌ) and Ayakomachi (.+.2ῌ) suggested the presence of radical scavengers other than b-carotene in the OR-SP cultivars. In order to obtain further useful information on the compounds responsible for radical scavenging capacity, the extracts of OR-SP and YE-SP were subjected to TLC. As shown in Fig. -a, b-carotene (Rf ῏*.2.) and several spots with colors varying from yellow to orange were observed in the OR-SP and YE-SP cultivars. For the detection of the radical scavenging compounds, the TLC plate was stained in an ABTS ῐῌ solution. As shown in Fig. -b , the yellow to orange colored spots turned to white after staining, demonstrating that carotenoids other than b-carotene were acting as radical scavengers in both OR-SP and YE-SP cultivars. Irrespective of the cultivar, several white spots were also detected in the spots of colorless constituents besides a-tocopherol (Rf ῏*./+). These results revealed that many species of radical scavengers besides b-carotene and a-tocopherol existed in the OR-SP and YE-SP cultivars. Moreover, the pattern of white spots on the TLC plate was almost the same, suggesting that a radical scavenger species was common to all cultivars. In this study, radical scavengers other than bcarotene and a-tocopherol were not identified. However, these radical scavengers were not likely to have hydrophilic constituents such as ascorbic acid and chlorogenic Table +. acid because these compounds could not be extracted to the n-hexane layer by the same extraction procedure as described above.
Erratum Matsuura, Y., Matsubara, K., Sasaki, A., Fuchigami, M. (,**.). Modified alcohol oxidase method used to determine the degree of pectin methylesterification. Food Sci. Technol. Res., +*, +/1ῌ+0*. 
